NACA TN 3196 


\ 

tf 

I 



.*> 

00 

oo 


r 


NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 



TECHNICAL NOTE 3196 


( 


h 



LIFT AND PITCHING MOMENT AT SUPERSONIC SPEEDS DUE TO 
CONSTANT VERTICAL ACCELERATION FOR THIN SWEPTBACK 
TAPERED WINGS WITH STREAMWISE TIPS 

SUPERSONIC LEADING AND TRAILING EDGES 

By IsabeHa J. Cole and Kenneth Margolis 

Langley Aeronautical Laboratory 
Langley Field, Va. 




Washington 
July 1954 


»S I i 




TECHS 




nrTTTr 


AFL 




l 


TECH LIBRARY KAFB, NM 



TECH LIBRARY KAFB, NM 


OObbDTM 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

TECHNICAL NOTE 3196 


LIFT AND PITCHING MOMENT AT SUPERSONIC SPEEDS DUE TO 
CONSTANT VERTICAL ACCE LE RATION FOR THIN SWEFTBACK 
TAPERED WINGS WITH STREAMWISE TIPS 


SUPERSONIC LEADING AND TRAILING EDGES 
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SUMMARY 


On the basis of a solution to the linearized time -dependent wave 
equation, the nondimens ional lift derivative and the corresponding 

pitching-moment derivative resulting from constant vertical accel- 

eration (that is, linear variation of angle of attack with time) are 
evaluated for a family of thin sweptback tapered wings with streamwise 
tips traveling at supersonic speeds. 

The analysis is applicable at those speeds for which the wing leading 
and trailing edges are both supersonic, provided that the Mach lines from 
the wing apex intersect the trailing edge and that the Mach line from the 
leading edge of one tip does not intersect the remote half -wing. Use is 
made of a previous investigation in extending the range of applicability 
to include cases for which the Mach lines from the wing apex intersect 
the tips. 

Results of the analysis are given in the form of design charts for 
the stability derivatives C^ and Cm^ from which fairly rapid estima- 
tions of the derivatives can be made for given values of Mach number, 
aspect ratio, leading -edge sweepback, and taper ratio. For illustrative 
purposes, some chordwise pressure distributions, spanwise pressure dis- 
tributions, span load distributions, and variations of the stability 
derivatives Cj^ and with several parameters are also included. 

Some results of the present investigation are combined with previous cal- 
culations available for the steady-pitching derivative to indicate 

the variations of the total pitching-moment derivative Cm^ + Cjn^ with 

wing geometry and Mach number; these calculations are applicable to slowly 
(first-order frequency) oscillating wings. 



v 



2 


NACA TN 3196 


INTRODUCTION 


The development of the linearized supersonic-flow theory has allowed 
the evaluation of most of the important stability derivatives for a variety 
of isolated wing shapes . Recently, attention has been focused on the thin 
sweptback tapered wing with side edges parallel to the axis of wing sym- 
metry, that is, streamwise tips. Stability derivatives available for this 
general plan form for a wide range of supersonic Mach numbers include the 
lift-curve slope Cm (refs. 1 to 3 )> the damping-in-roll derivative Cj 

(refs. 1, 2, and h) , the lateral-force and yawing -moment derivatives due 
to rolling Cyp and C n ^ (refs. 5 and 6), the static pitching-moment 

derivative Cn^ (refs. 7 and 8), the lift- and pitching-moment derivatives 
due to steady pitching Cpq and. (refs. 7, 8, and 9)> and- the 

rolling-moment-due-to-sideslip derivative C 2 p (refs. 10 and 11). The 

aforementioned derivatives, all of which result from "steady state" 
motions, are available for wings with either subsonic or supersonic 
leading edges . 

Two derivatives resulting from an unsteady state or time -dependent 
motion are and C^, the lift and pitching -moment derivatives," 

respectively, due to a linear angle-of-attack variation with time (the 
motion Is more commonly termed constant vertical acceleration) . Inasmuch 
as the sums and predict the total lift and 

pitching -moment derivatives generated by a slowly (first-order frequency) 
oscillating surface, calculation of the & derivatives corresponding to 
those already available for steady pitching velocity q are in order. 

A previous investigation (ref. 12) treats the subsonic-leading-edge con- 
dition; the present paper extends the range of Mach number to include 
the supersonic-leading-edge condition. 

Computational results are presented in the form of design charts 
covering the practical range of wing-geometry parameters and Mach number 
from which fairly rapid estimates of the derivatives may be obtained. 

For illustrative purposes, several chordwise and spanwise pressure distri- 
butions, span load distributions, and variations of the derivatives Ct ., 

CG 

and the she with several parameters are also presented. 
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SYMBOLS 


x,y,z 


V 

p 

M 

B 

P 

b 

c r 


c 

A 


Cartesian coordinates ; x-axis parallel to free-stream direction 
(see fig. 2) 

free-stream velocity- 

density of. air 

free-stream Mach number 

cotangent of Mach angle, M 2 - 1 

Mach angle, cot”^B 

wing span 

root chord 

2c r (x 2 + A + l) 
mean aerodynamic chord, 

3(A + 1) 

taper ratio. Tip chord/Root chord 


A 


aspect ratio. 


2b b£ 

c r (l + A) s 


S wing area 

A angle of sweep (see fig. l) 

m = cot 


^ _ cot ArpE _ AB(1 + A) 

cot Ap^E AB(l + A) - 4mB(l - A) 

d distance between wing apex and center of gravity; positive when 

center of gravity is rearward of the wing apex 

a angle of attack 

t time 
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a 




(^)a=l 




rate of change of angle of attack with time, da/dt; posi- 
tive a indicates downward acceleration 

steady pitching velocity about y-axis ; positive as shown in 
figure 2 

difference in pressure due to constant vertical acceleration 
between upper and lower surfaces; positive upward 

difference in pressure due to unit angle of attack between 
upper and lower surfaces; positive upward 

difference in pressure due to unit pitching velocity about the 
y-axis between upper and lower surfaces; positive upward 

pressure-difference coefficient due to constant vertical accel- 
£P 


eration. 


ipV 2 


0 


**■1 

r 

L 

M' 


perturbation velocity potential due to constant vertical accel- 
eration, evaluated on tipper surface of wing 

perturbation velocity potential due to unit angle of attack, 
evaluated on upper surface of wing 

perturbation velocity potential due to unit pitching velocity 
about y-axis, evaluated on upper surface of wing 

spanwise distribution of circulation due to constant vertical 
acceleration 

lift 

pitching moment; positive as indicated in figure 2 


°L 


lift coefficient, 


ipV% 

2 


j m 


pitching-moment coefficient. 


JtL 


ipV%c 

2 
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C La = 


dCL j 

5a /a— >0 


Cm — 


5c 


m 


^ \ 5a /a 


Ct = 

L q 


/ 5 aA 


Vwl, 


q — 5*0 



C I'a" 


_/ 5c l\ 


559J 

2V/d->0 


Cn * = (8) 

V 2V/ a, — >0 

Subscripts : 

TE trailing edge 

LE leading edge 

1,2 components used in breakdown of results 

All angles are measured in radians unless otherwise indicated. 

ANALYSIS 

Scope 


The types of wings analyzed in the present paper are sketched in 
figure 1. These wings have vanishingly small thickness, are uncambered, 
and have arbitrary taper ratio (0 to 1} with tips parallel to the axis 
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of wing symmetry (streamwise tips) . The leading edge is swept back, 
although the trailing edge may be swept back or swept forward. Actually, 
certain results of the present investigation are directly applicable 

to wings with sweptforward leading edges in view of the reversibility 
theorem (see, for example, ref. 13 ) • 


The analysis is carried out within the framework of the linearized 
theory and the results are thus subject to the usual restrictions and 
limitations imposed by such simplification. The mathematical derivations 
are applicable for combinations of wing plan form and Mach number that 
satisfy the following conditions: (l) the Mach lines from the wing apex 

intersect the trailing edge, (2) the trailing edge is supersonic, and 
(3) the Mach line originating at the leading edge of one wing tip does 
not intersect the remote half -wing. Use is made of the sonic-leading- 
edge results given in reference 12 and of the span load distributions 
presented in reference 14 to enable the calculation of the derivatives 
Cj^ and Cj^ for cases where the Mach lines from the wing apex inter- 


sect the tips . Inasmuch as the third restriction is a minor one that is 
applicable in the current investigation to wings of very low aspect ratio 
only, the computational results presented herein apply, in general, at 
speeds for which the wing leading and trailing edges are both supersonic. 


Orientation of the wing with respect to a system of body axes used 
in the analysis is shown in figure 2(a) ; all derivations are carried out 
with respect to this reference system unless otherwise noted. Design 
curves for the derivatives are presented relative to a system of principal 
body axes with the center-of -gravity position assumed to be at the wing 
apex as shown in figure 2(b) . These results are also valid in a system 
of stability axes (fig. 2(c)) for small angles of attack (see, for example, 
table I of ref . 12) . A formula is included which permits transfer of the 
given results to those applicable for an arbitrary center-of -gravity loca- 
tion (fig. 2(d) ) . 

In addition to calculations for the derivatives and C^, 

tabulations of the velocity-potential and pressure-distribution formulas 
are included in the present paper . For illustrative purposes several 
chordwise and spanwise pressure distributions, span load distributions, 
and variations of the derivatives with wing -geometry parameters and Mach 
number are presented. The results of the present paper are also combined 
with those available for steady pitching motion to indicate the varia- 
tion of the sum with several parameters for a given static- 

margin condition. 
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Derivation of Equations 

On the basis of a first-order frequency solution to the linearized 
time -dependent wave equation for supersonic flow, expressions for the 
time -dependent perturbation velocity potential and the lifting pressure 
(evaluated at time t = 0) for a wing accelerating downward at a posi- 
tive angle of attack at may be written as follows (see ref. 15 and 
eqs . (12) and ( 13 ) of ref. l6) : 


0 = a 



AP = -%• 
B 2 




( 2 ) 


where 0q = q and (AP) _ 1 are the perturbation velocity potential (evalu- 


ated on the upper surface) and the lifting pressure, respectively, due 
to unit (positive) steady pitching velocity about the y-axis and where 
^o=l 811(1 (AP)o_i are, analogously, the perturbation velocity potential 

and the lifting pressure, respectively, due to unit (positive) angle of 
attack . 


From the results of previous investigations (ref . 2 for £C-g and 

(f> contributed by a and ref. 8 for 2Cp and 0 contributed by q) 

dealing with the plan form and speed range considered herein, expressions 
for the potentials and lifting pressures appearing on the right-hand 
sides of equations (l) and (2) are readily obtained. Thus, in accordance 
with equations (l) and (2) the velocity potential 0 and lifting pres- 
sure AP for the d motion may be tabulated; these results are pre- 
sented in tables I and H. (For convenience, the pressures in table II 
are given in coefficient form.) 

Although the forces and moments may be obtained by appropriate 
straightforward integrations of the formulas presented in tables I and H, 
an alternate and less time-consuming approach has been utilized. Upon 
elementary integrations of equation (2), expressions for the lift and 
pitching moment may be conveniently written in derivative form as follows : 




M c 


8 


b / 2 r*T E 0ct=l 


ob/2 n 

= ^-b/2^~ 


dx dy 


( 3 ) 


■LE 


V 
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C 


“d 


t>! o * sL r /z r *** 

B 2 111,1 B 2 S5 2 J -b/2 j X^E 


-pV 2 


dx dy + 


8 r b / 2 x ^Or=l 

b 2 S5 2 J_ b / 2 J Xle V 


dx dy 


(4) 


All stability derivatives appearing in equations ( 3 ) and (4) and 
elsewhere in the text are measured in a system of principal body axes 
with the center of gravity located at the wing apex. (See fig. 2(b)). 
The formulas for (£&)af=l> and the variable x are expressed 

with respect to the system of axes used in the analysis (fig. 2(a)). 

Integration by parts of the middle ternrof equation (4), utiliza- 
tion of the relationship 


(£P) 


c6*l 4 30a*l 


i(*r 2 v 


(5) 


and combination of like terms yields the following expression for C^: 


, . . m£/L + 1- f /2 ^ 

C ”“ B 2 !^ 1 S5 2 -l>/2 T 


XTE 


dy - 


* 


•LE 


3vB 2 I J - 


'b/2 roc, JTJ.X0 


■b/2 


J. : 


0*1 


dx dy 


S5 v / A LE 

For convenience, equation ( 3 ) may be expressed as follows; 

.2 




(6) 


(7) 


where 


( C Ld), - % + 22ra a 


(8) 
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and 


(d-i . a n* p E 

1^2 S5j. b/2 J Xli , 




( 9 ) 


In an analogous manner, equation (6) may be expressed as follows: 

( 10 ) 


where 




"' ffl d) 1 “ % 


/ 


8 


SC 2 J -b/2 


'b/2 x 2 ^ 


cc=l 


XTE 


<ay 


^LE 


and 




■t/2 ^ 


(ID 


( 12 ) 


Equations and charts for the stability derivatives C^, C]^, 

and Cjj,^ are presented in reference 8 for the wing plan form and Mach 

number range considered in the present paper. Thus, only the expressions 
for (eq. (9)), ( C md) 2 (eq. (12)), and the integral term of 

(Cjni) (eq. (ll)) require derivation. The results given in reference 2 

for the velocity potential due to angle of attack were utilized in 
carrying out the required integrations . Appropriate combination of com- 
ponents, in accordance with equations ( 7 ) and- ( 10) , will then yield closed- 
form formulas for the derivatives and Cn^. Computations based on 

these closed- form analytical expressions have been carried out utilizing, 
to a great extent, automatic computing facilities . (The final formulas 
themselves are not reproduced herein because of their rather excessive 
length. The numerical results are believed to be sufficiently detailed 
to obviate the need for additional calculations . ) 



10 


NACA TN 3196 


RESULTS AND DISCUSSION 


The type of lifting pressure distribution and of span load distribu- 
tion obtained over some typical wings for the motion considered is of 
interest. Some illustrative examples of the chordwise and spanwise lifting 
pressure distributions , calculated by use of table II, are presented in 
figures 3 and 4; results for the spanwise loading (expressed in terms of 
the spanwise distribution of circulation) were obtained from reference 14 
and are presented in figure 5* 

The results of the detailed computations for Cl^ are presented in 
figures 6 to 10 and those for in figures 11 to 15 . The data are 

shown for a range of taper ratio from 0 to 1.0 and for a range of the 
aspect-ratio parameter AB from 3 to 20 (curves for AB = 2 are included 
for the A = 1.0 cases) . The range of leading-edge sweepback angle is 
included in values of the parameter cot“lBm from 0° to 45°. For con- 
venience, the relationship and correspondence between the parameters 
cot"l-Bm and Bm are shown in figure l6. 

The dashed parts of the design carves (figs. 6 to 15) do not repre- 
sent actual calculations, because these regions correspond to the condi- 
tion where the Mach lines from the wing apex intersect the tips. However, 
calcinations were made for the sonic -leading-edge condition (using ref. 12) 
and the curves were extended by means of dashed lines to these calculated 
end points. The dashed extensions should yield results that are In very 
close agreement with the true linearized- theory values for most cases . 

This agreement may be verified for the derivative Cl^ by appropriate 

Integration (graphical) of the span- load curves presented In reference 14. 

For use In locating the desired design-chart data, an index to fig- 
ures 6 to 15 is presented in tables III and. IV. The derivatives presented 
In these figures are measured relative to a system of principal body axes 
with moments taken about a center-of-gravity location assumed to be at 
the wing apex. For arbitrary center-of-gravity locations, the given 
results may be directly applied in the following manner: 

( Clj d) ar bitrary c.g. ( CL(i )c.g. at 

wing apex 

Wcj. at ‘ Me.g. at + tPwOc.g. at (3A > 

distance d wing apex wing apex 

from wing apex 

where d is positive when the center of gravity is rearward of the wing 
apex. 
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It is sometimes convenient to express the distance d in terms of 
the static margin, where static margin is defined as the distance, 
expressed in percent e, between the center of gravity and the center of 
pressure due to angle of attack (usually termed the aerodynamic center), 
and is considered positive when the center of gravity is forward of the 
aerodynamic center. Thus, the parameter d may be replaced by the equation 

d = Distance between wing apex and aerodynamic center - Static margin 


or 


d = 


" C % c 


- Static margin 


(15) 


(Design charts for the derivatives and Cp^ for the plan form and 

Mach number range considered in the present paper are presented in ref. 8.) 

The results calculated herein are also directly applicable to a 
system of stability axes (fig. 2(c)), inasmuch as for small angles of 
attack there is little change in the derivative Cp^ and no change in 

the derivative Cm^. The results for Cp^ may also be applied to plan 

forms with "reverse" geometry because, as shown in reference 13 , the 
total lift remains unchanged when the flow is reversed. (The distribu- 
tion of lift, of course, is not invariant with flow direction.) 

Some Illu strative variations of the stability derivatives with aspect 
ratio, Mach number, leading-edge sweepback, and taper ratio are presented 
in figures 17 and 18. Figure 19 presents some variations of the total 
pitching-moment derivative + Cm£ with the aforementioned parameters; 

the results are applicable to slowly (first-order frequency) oscillating 
wings . The required data for CV. were obtained from reference 8. 


CONCLUDING REMARKS 


On the basis of- a solution to the linearized time-dependent wave 
equation, the nondimens ional lift derivative Cp^ and the corresponding 

pitching-moment derivative C^ resulting from constant vertical acceler- 
ation have been evaluated for a family of thin sweptback tapered wings 
with streamwise tips traveling at supersonic speeds. The analysis is 
applicable, in general, at Mach numbers for which the wing leading and 
trailing edges are both supersonic. 
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Computational results are presented in the form of generalized 
design curves which permit fairly rapid estimations of the stability 
derivatives and for broad ranges of the parameters aspect 

ratio, taper ratio, and leading-edge sweepback. For illustrative pur- 
poses, several chordwise pressure distributions, spanwise pressure dis- 
tributions, span load distributions, and variations of the derivatives 
with wing -geometry parameters and Mach number are also shown. 

Results presented herein for the a motion may be directly added 
to those , already available for the steady pitching motion to enable the 
determination of the total lift and pitching-moment derivatives generated 
by a slowly (first-order frequency) oscillating wing. In order to illus- 
trate this application, some variations of the pitching-moment derivative 
with wing geometry and Mach number are presented. 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., April 7> 195^* 
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TABLE IV— INDEX TO DESIGN CHARTS FOR BC,^ 


BCj^ - 



| Compo- 
nent 


AB 


cof^Bm, 

deg 


Bm 


Figure 


Page 


Compo- 

nent 


AB 


cot”^Bm, 

deg 


-Ha 


Figure 


Page 


B Mi 


|l 8 *U to 45 
0 to 45 


1 


to 42 
to 35.6 
to 27.8 


8 [ 2 k to 45 
12 
20 


! B ( C *a) £ 




0.25 


I3-81 to 45 

0 to 45 

* 

6 to to io.it- 
8p to 35.6 

0 to 29 

1 to 21.6 


’Ms 


>(S)i 


0.50 


I 


0 to 45 




3 to 1 
00 to 1 


to 1.11 
to 1.4 
to 1.9 

2.25 to 1 

i 

«io L 


18 to 45 

I 

18 to 43.4 
3.81 to 45 

0 to 45 


15 to 1 
• to 1 

'J' 

to 1.17 
to 1.4 
[°° to 1.8 
. to 2.53 

3 to 1 


V 


15 to 1 
M tO 1 


0 to 45 

5 |0 to 40.6 
0 to 36 
> to 30.6 
0 to 25 
20 to to 17.8 


16 to 45 


> to 1 

i’ 

to I.17 
to 1.38 
to 1.69 
to 2.14 
to 3.11 

3.49 to 1 


11 (a) 


11(b) 

i 

11 (c) 


12 (a) 


12(b) 

I 

12(c) 


13 (a) 


40 


13(b) 


4 1 

1 

42 


if 

43 


‘(S), 


K CTa &) 1 


0.50 


44 


45 


46 


47 






; 0.75 


0 to 45 


to 1 


0 to 43 
|0 to 42.8 
0 to 36 
6 to to 32.4 


11.00 


5 (S) 


8 

12 

20 

4 

6 

8 

12 

20 

5 

4 

5 

6 
8 

12 

20 

2 

3 

4 

5 

6 
8 

12 

20 

2 

3 

4 

5 

6 

81 

12 to 
20 to 


0 to 27.4 

0 to 21.6 
0 to 15.6 

14 to 45 


0 to 43 


vt’ 

0 to 45 


« to 1 
to 1.08 
to I.38 
to 1.58 
to 1.93 

to 2.53 
to 3.58 

4.01 to 1 


v 

io to 44.6 
0 to 41 
to 56.6 
to 29.6 
to 21.2 


20 to 45 


« to 1 


'V 

00 to 1 


13 (c) 


* 

14 (a) 


* 

14 (b) 


14 (c) 


V 

15 (a) 


4 - 

15 (b) 


* 

to 1.01 
to I.15 
to I.35 

0» tO 1.76 

» to 2.58 
2 .75 to 1 


if 

13(c) 


48 


49 


50 


51 


52 


53 


■if 

54 








(d) Stability and principal body axes with center of gravity located at 

a distance d from wing apex. 


Figure 2.- Concluded. 


























cot' 1 8m, deg 

(a.) ^ AB = J to 0j cot”-4&a = 0° to 45°* 


Figure 6.- Variation of B (Cl < i) 1 and B (Ci^) 2 with cot^Bm. Results 
valid for both principal "body arid stability systems of axes. 
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X = 0} AB 

6 


cof J Bm,deg 

<= 8 to 20j cot^Bm - 


Contin-uod* 


P -to 45°. 


•fllcure 
















(a) \ 


0.25j AB = 3 to 8; cofiBm = 0° to 45°. 


Figure 7* - Variation of B and b(cx^)^ with cot - lBm. Results 

valid for Both principal body and stability systems of axes. 

2 

B0 % “ 3 *{%.)]_ - & “(Ma D “ toa I " tB of curves represent 


extensions of calculated curves (through region which corresponds 
to condition where Mach lines from wing apex intersect tips) to 
calculated end points. 


ro 

CD 


' i 


H . 


96T£ JED VDVH 



/a /g 

■ 0.25; AB 


ao 34 26 sa 36 40 

ext ~ l Bm, deq 


44 40 


= 8 to 20; cof^Bra = 0° to V?°* 


Figure 7.- Continued, 




(c) B ( C I^) 2 * X = 0 - 2 5* AB = 3 to 20j cot-tBm = 0° to k'f . 


Figure 7-" Concluded. 
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Figure 8.- Variation of B^Ci^ and with cof^Bm. Results 

valid for Doth principal body and. stability systems of axes. 

2 

BC *d “ “g B f C Iu) 1 - h B K*)o' Da8hfid P artB of curve 8 represent 
B ■ ' '1 B” ' * 2 

extensions of calculated curves (through region which corresponds 
to condition -where Mach lines from wing apex intersect tips) to 
calculated end points. 
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Figure 8.- 
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cot deg 


(a) 


BfCrA . 
V^Vl 


X = 0.7'5: AB = 3 to 6; cot’^-Bm = 0° to 45°. 


Figure 9*- Variation of and with. cot”^Bm. Results 

valid for both principal body and stability systems of axes. 

2 

^ " “?j b (°Ia) . Bashed parts of curves represent 

extensions of calculated curves (through region which corresponds 
to condition -where Mach lines from wing apex intersect tips) to 
calculated end points. 
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c0f-~'Bm, deg 


(a) b ( c Ia) 1 - X =* 1-0) AB - 2 to 6; cof^Bm » 0° to Ij-5°. 

Figure 10. - Variation of B and B with coflBrn. Results 

valid for Both principal body and stability systems of axes. 

BCj^ = i . Dashed parts of curves represent 

extensions of calculated curves (through region which corresponds 
to condition where Mach lines from wing apex intersect tips) to 
calculated end points. 
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CO? "'dm , Cteg 

(a) A = 0; AB = 3 to 20j cot _1 Bm = 0° to ^5°. 

Figure 11.- Variation of and B^Cq^^ with cof^Bm. Results 

valid for both principal body and stability systems of axes with 
origin at wing apex. BC™- =§b(c^ + + iVWo 1 
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Figure 12.- Variation of an ^ ^(^c,) cof^-Bm. Results 

valid for both principal body and stability systems of axes with 

'm 2 


origin at wing apex. 




Dashed 


parts of curves represent extensions of calculated curves (through 
region which corresponds to condition where Mach lines from wing apex 
intersect tips) to calculated end points. 


-t=" 

VO) 


NA.CA TR 5196 




20 30 <30 3Z 34 36 3Q 40 42 

cot ''em, c/eg 

■ 0.25; AB = 6 to 20; cot~-*-Bm m 18° to 45°. 


Figure 12.- Continued. 









figure IJ.- Variation or b ! 


\s.h ** b K ) 2 

valid for both, principal body and stability systems of axes with 

M 2 

origin at wing apex. BCq£ = -75- B 


with cot - tBm. 


he suits 


. P uQiU.l.,1.1 UJf O L^ -IIIO VJ, CIAL.O H1UU 

( C mi) 1 + (^| + 1 ^ B ( C mi) 2 ' Dasl3fid 


parts of curves represent extensions of calculated curves (through 
region which, corresponds to condition where Mach lines from wing 
apex intersect tips) to calculated end points. 
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cot Bm, deg 

A - 0-50 ; AB b 5 to 20; cot-lBm = 1 6° to 45° 


Figure 13.- Continued. 






cot " Bm . deo 


(c) B fCm-\ . A = 0.50: AB = 3 to 20: cot“^Bm = 0° to ^“5° 
■ ' V ^12 ' ' 


Figure 15 . - Concluded. 
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(a) . A = 0-75; AB = 3 to 20j cot^Bm = 0° to k'?. 

Figure l4. - Variation of and B with. cot -1 Bm. Results 

valid for Both principal body and stability systems of axes with 

origin at wing apex. BC^ = ^ Dashed 

parts of curves represent extensions of calculated curves (through 
region which corresponds to condition where Mach lines from wing 
apex intersect tips) to calculated end points. 
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co/ Bm, cfeg 


(a) A = 1.0; AB = 2 to 20; cot^Bm = 0° to 45°. 

Figure 15.- Variation of b(c^^ and with cot _i Bm. Results 

valid for Both principal body and stability systems of axes with 

origin at wing apex. BC^ = -j| BjCrn^ + + Daslied 

parts of curves represent extensions of calculated curves (through 
region which corresponds to condition where Mach lines from wing 
apex intersect tips) to calculated end points. 
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cot ' Bm > deg 


(n) T \ = 1.0: AH = 


T7H miTV> ~\ R _ 
—o'** ~ - 


5 to 20; cot“ 1 Em = 2QP to Vj° 


Concluded « 















58 


MCA. TN 5196 




Figure 17 . - Continued. 
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(b) Variation with, aspect ratio. 
Figure 18.- Continued. 
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(a) Variation with Mach number. 

Figure 19 . - Some illustrative variations of total pitching-moment deriva- 
tive Cm^ + C^, generated by a slowly oscillating wing, with Mach 

number, aspect ratio, leading-edge sweepback, and taper ratio. Results 
valid for both principal body and stability systems of axes. Static 
margin, 0 . 05 c. 
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(c) Variation with, leading -edge sweet 


Figure 19. - Continued. 
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Figure 19. - Conclude 
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